A similar 3'-mismatch strategy is used with greater effect to prevent ligation in 
the LCR (Barany, PCR Meth. Applic, 1:5 [1991]). Any mismatch effectively blocks 
the action of the thermostable ligase, but LCR still has the drawback of 
target-independent background ligation products initiating the amplification. 
Moreover, the combination of PCR with subsequent LCR to identify the nucleotides at 
individual positions is also a clearly cumbersome proposition for the clinical 
laboratory. 

II. Direct Detection Technology 

When a sufficient amount of a nucleic acid to be detected is available, there are 
advantages to detecting that sequence directly, instead of making more copies of that 
target, (e.g., as in PCR and LCR). Most notably, a method that does not amplify the 
signal exponentially is more amenable to quantitative analysis. Even if the signal is 
enhanced by attaching multiple dyes to a single oligonucleotide, the correlation 
between the final signal intensity and amount of target is direct. Such a system has an 
additional advantage that the products of the reaction will not themselves promote 
further reaction, so contarnination of lab surfaces by the products is not as much of a 
concern. Traditional methods of direct detection including Northern and Southern 
blotting and RNase protection assays usually require the use of radioactivity and are 
not amenable to automation. Recently devised techniques have sought to eliminate the 
use of radioactivity and/or improve the sensitivity in automatable formats. Two 
examples are the "Cycling Probe Reaction" (CPR), and "Branched DNA" (bDNA) 

The cycling probe reaction (CPR) (Duck et al, BioTech., 9:142 [1990]), uses a 
long chimeric oligonucleotide in which a central portion is made of RNA while the 
two termini are made of DNA. Hybridization of the probe to a target DNA and 
exposure to a thermostable RNase H causes the RNA portion to be digested. This 
destabilizes the remaining DNA portions of the duplex, releasing the remainder of the 
probe from the target DNA and allowing another probe molecule to repeat the process. 
The signal, in the form of cleaved probe molecules, accumulates at a linear rate. 
While the repeating process increases the signal, the RNA portion of the 


oligonucleotide is vulnerable to RNases that may be carried through sample 
preparation. 

Branched DNA (bDNA), described by Urdea et al., Gene 61:253-264 (1987), 
involves oligonucleotides with branched structures that allow each individual 
oligonucleotide to carry 35 to 40 labels (e.g., alkaline phosphatase enzymes). While 
this enhances the signal from a hybridization event, signal from non-specific binding is 
similarly increased. 

While both of these methods have the advantages of direct detection discussed 
above, neither the CPR or bDNA methods can make use of the specificity allowed by 
the requirement of independent recognition by two or more probe (oligonucleotide) 
sequences, as is common in the signal amplification methods described in section I. 
above. The requirement that two oligonucleotides must hybridize to a target nucleic 
acid in order for a detectable signal to be generated confers an extra measure of 
stringency on any detection assay. Requiring two oligonucleotides to bind to a target 
nucleic acid reduces the chance that false "positive" results will be produced due to the 
non-specific binding of a probe to the target. The further requirement that the two 
oligonucleotides must bind in a specific orientation relative to the target,as is required 
in PCR, where oligonucleotides must be oppositely but appropriately oriented such that 
the DNA polymerase can bridge the gap between the two oligonucleotides in both 
directions, further enhances specificity of the detection reaction. However, it is well 
known to those in the art that even though PCR utilizes two oligonucleotide probes 
(termed primers) "non-specific" amplification (i.e., amplification of sequences not 
directed by the two primers used) is a common artifact. This is in part because the 
DNA polymerase used in PCR can accommodate very large distances, measured in 
nucleotides, between the oligonucleotides and thus there is a large window in which 
non-specific binding of an oligonucleotide can lead to exponential amplification of 
inappropriate product. The LCR, in contrast, cannot proceed unless the 
oligonucleotides used are bound to the target adjacent to each other and so the full 
benefit of the dual oligonucleotide hybridization is realized. 


An ideal direct detection method would combine the advantages of the direct 
detection assays (e.g., easy quantification and minimal risk of carry-over 
contamination) with the specificity provided by a dual oligonucleotide hybridization 
assay. 

SUMMARY OF THE INVENTION 

The present invention relates to means for cleaving a nucleic acid cleavage 
structure in a site-specific manner. In one embodiment, the means for cleaving is a 
cleaving enzyme comprising 5' nucleases derived from thermostable DNA 
polymerases. These polymerases form the basis of a novel method of detection of 
' specific nucleic acid sequences. The present invention contemplates use of novel 
detection methods for various uses, including, but not limited to clinical diagnostic 
purposes. 

In one embodiment, the present invention contemplates a DNA sequence 
encoding a DNA polymerase altered in sequence (i.e., a "mutant" DNA polymerase) 
relative to the native sequence, such that it exhibits altered DNA synthetic activity 
from that of the native (i.e., "wild type") DNA polymerase. It is preferred that the 
encoded DNA polymerase is altered such that it exhibits reduced synthetic activity 
compared to that of the native DNA polymerase. In this manner, the enzymes of the 
invention are predominantly 5' nucleases and are capable of cleaving nucleic acids in a 
structure-specific manner in the absence of interfering synthetic activity. 

Importantly, the 5' nucleases of the present invention are capable of cleaving 
linear duplex structures to create single discrete cleavage products. These linear 
structures are either 1) not cleaved by the wild type enzymes (to any significant 
degree), or 2) are cleaved by the wild type enzymes so as to create multiple products. 
This characteristic of the 5' nucleases has been found to be a consistent property of 
enzymes derived in this manner from thermostable polymerases across eubacterial 
thermophilic species. 

It is not intended that the invention be limited by the nature of the alteration 
necessary to render the polymerase synthesis-deficient. Nor is it intended that the 


